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FED CATHODE STRUCTURE USING ELECTROPHORETIC DEPOSITION 

AND METHOD OF FABRICATION 



The present invention pertains to field emission display devices, and more 
particularly to a novel field emission cathode structure and method of forming the 
field emission cathode structure for use in a field emission display device. 



Field emission devices (FEDs) are known in the art. Such prior art devices 
are constructed by a variety of methods all of which yield structures with the 
purpose of emitting electrons from an emitter electrode. FEDs typically include 
an anode, a cathode, and phosphors disposed therebetween in a position 
corresponding to each pixel. During operation, electrons emitted by the cathode, 
are accelerated by an electric field created between the cathode and the anode, 
and impinge upon the phosphors, thereby exciting the phosphors to emit light, 
and thus display an image. 

It is known in the prior art to form cathode structures utilizing carbon 
nanotube (CNT) deposition. Typically, during cathode fabrication, a binder 
material and CNT particles are deposited simultaneously. One means of 
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deposition is to mix the CNT particles with the binder into a paste and deposit the 
paste. The binder is necessary in electrophoretic deposition (EPD) to glue the 
CNT particles to the substrate. As stated, generally, the deposition of the binder 
is performed concomitantly with the particle deposition. However, a stable 
colloidal suspension, which is desirable for uniform films, is not always obtainable 
with the binder material and the powder together in the same solution. The 
binder material, or binder salt, imposes a positive charge onto the suspended 
particles. In the case of CNT particles, this results in a failed suspension, with 
CNT particles clumping together. EPD from such a solution leads to highly non- 
uniform deposits with high density of agglomerates present on the film surface. 
Non-uniform EPD coatings lead to non-uniformities in the spatial distribution of 
field emission current and to defects in the cathodes. 

Accordingly, there exists a need for an improved cathode structure and 
method for fabricating the cathode structure using electrophoretic deposition 
techniques that will result in a uniform EPD coating. 



It is an object of the present invention to provide for a FED cathode and 
method of fabricating a FED cathode using electrophoretic deposition of carbon 
nanotubes. 
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It is another object of the present invention to provide for a FED cathode 
and method of fabricating an FED cathode wherein a uniform EPD coating is 
achieved. 

It is yet another object of the present invention to provide for an EPD 
coating that does not require post-deposition activation to obtain a high density of 
emission sites. 



The above problems and others are at least partially solved and the above 
purposes and others are realized in an FED cathode structure and method of 
fabricating an FED cathode structure using electrophoretic deposition of carbon 
nanotubes in which a separate step of a depositing a binder material on a 
substrate, is performed prior to carbon nanotube particle deposition. The binder 
is necessary in EPD to glue the particles to the substrate. First, a binder layer is 
formed on a substrate, when the substrate is deposited in a solution such as 
Mg(N0 3 )2/IPA. The substrate having the binder material formed thereon is then 
transferred into a carbon nanotube (CNT) suspension bath allowing for coating of 
the CNT particles onto the binder layer. Thermal processing of the binder layer 
and CNT particle coating transforms the Mg(OH) 2 into MgO. In one particular 
embodiment a plurality of micro-island structures are formed. The MgO serves 
as a ballast layer for uniform emission since it is not a good conductor. 
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Additionally, the thermal processing embeds the CNT particles to the binder 
material. Post-deposition activation, such as mechanical polishing is not required 
to obtain a high density of emission sites in the presence of the MgO binder 
separating into micro-islands upon thermal processing, with CNTs protruding 
from the edges of the islands. 
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Brief Description of the Drawings 

The foregoing and further and more specific objects and advantages of 
the instant invention will become readily apparent to those skilled in the art from 
the following detailed description of a preferred embodiment thereof taken in 
conjunction with the drawings, in which: 



u FIGs. 1-5 illustrate in simplified sectional views steps in the method of 

fabricating a field emission cathode structure according to the present invention 
and the final device structure formed according to the method of the present 
invention; and 

FIG. 6 is a simplified schematic diagram illustrating the method of 
fabricating a field emission^ cathode structure according to the method of the 
present invention. 
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It will be appreciated that for simplicity and clarity of illustration, elements 
illustrated in the drawings have not necessarily been drawn to scale. For 
example, the dimensions of some of the elements are exaggerated relative to 
other elements for purposes of clarity. Furthermore, where considered 
appropriate, reference numerals have been repeated among the drawings to 
indicate corresponding or analogous elements. 



□ Description of the Preferred Embodiment 

O 

H= This invention describes a field emission cathode structure and a new 

u? 

•f method of fabricating the field emission cathode structure utilizing electrophoretic 

S 

C: deposition (EPD) of particles from a suspension. A process especially suited for 

jjj carbon nanotube (CNT) deposition is given as an example. The new method of 

fabricating the cathode structure includes the separation of the binder deposition 
as a separate step which is performed prior to the carbon nanotube particle 
deposition. The binder is necessary in EPD to glue the carbon nanotube 
particles to the substrate. The prior art provides for the deposition of the binder 
concomitantly with the particle deposition. As previously stated, a stable colloidal 
suspension, which is desirable for uniform films, is not always obtainable with the 
binder material and the powder together in the same solution. This is exemplified 
in the case of CNT in suspension in the presence of cations. For example, a 
stable suspension of CNT in isopropyl alcohol (IPA) can be formed. However, if 
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a binder constituent such as Mg(N0 3 ) 2 is added, the suspension is destabilized 
leading to flocculation. EPD from such a suspension leads to highly non-uniform 
deposits with high density of agglomerates present on the film surface. 
Described herein is a method for preparing a uniform coating which includes the 
pre-depositing of a binder layer from a separate solution (Mg(N0 3 ) 2 /IPA), then 
transferring the substrate into a bath with a CNT suspension which does not 
contain the binder while not allowing the binder layer to dry. Finally, the CNT 
particles are coated onto the substrate. Thermal processing of the coating 
transforms the Mg(OH) 2 into MgO which essentially glues the CNT particles to 
° the substrate. The resultant cathode structure provides for a structure in which 

4 no post-deposition activation, such as mechanical polishing is required to obtain 

^ a high density of emission sites. This is because MgO binder separates into 

M micro-islands upon thermal processing with CNTs protruding from the edges of 

ru 

M the islands and serves as a ballast layer. It should be understood that 

r 3 S 

O anticipated by this disclosure is the fabrication of a binder layer as a uniform 

layer without the formation of micro-islands. 



O 



Turning now to the drawings, FIGs. 1-5 illustrate in simplified sectional 
views steps in the method of fabricating a field emission cathode structure 
according to the present invention. Additionally, illustrated in FIG. 5 is the 
completed field emission cathode structure fabricated according to the method of 
the present invention. Referring now to FIG. 1, illustrated in simplified sectional 
view is the first step in the process of fabricating the field emission cathode 
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structure of the present invention. Provided is an electrobath 10, or suspension 
bath, having contained therein a binder solution 12, comprised of a solvent 14 
and having a solute salt 16 disposed therein. Solvent 14 is disclosed in the 
preferred embodiment as being alcohol, water, glycerin, or a combination of 
alcohol and/or water and/or glycerin. Alcohols anticipated for use include ethyl 
alcohol, methanol, isopropyl alcohol (IPA), or the like. Solute salt 16 is dispersed 
within solvent 14 and is comprised of a metal nitrate salt, such as aluminum or 
magnesium nitrates, a sulfate salt, or the like. In a preferred embodiment, solute 
salt 16 is comprised of magnesium nitrate particles (Mg(N0 3 )2). Solute salt 16 is 
provided at a concentration level of 1x10' 2 to 1x10" 4 M. During fabrication the 
magnesium nitrate disassociates into magnesium ions and nitrate ions 
(discussed presently). 

Next, provided is a substrate 18, having a surface 20. Substrate 18 is 
disclosed in a preferred embodiment as being formed of any standard substrate 
material, such as glass, plastic, or ceramic and having a plurality of metal 
electrodes 22 patterned on surface 20. Metal electrodes 22 are disclosed as 
being formed of any suitable conductive metal, such as copper (Cu), 
molybdenum (Mb), platinum (Pt), indium-tin-oxide (ITO), or the like. 



During fabrication of the cathode structure of the present invention, 
substrate 18 is immersed into solution 12. A voltage, or bias, 28 is applied by a 
power source 23 to substrate 12, thereby providing for the migration of the solute 
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particles 16 toward the surface 20, more particularly towards metal electrodes 
22, of substrate 18. As illustrated, to accomplish this migration of the solute 
particles 16 toward metal electrodes 22, an opposed electrode, more particularly 
a counter-electrode 25, is immersed in solution 12. In this particular embodiment 
counter electrode 25 is formed as a separate electrode, but it should be 
understood that is could be formed as the gate electrode on the cathode surface. 
Counter electrode 25 is spaced in a range of approximately 1 mm to 5 cm away 
from electrodes 22, and preferably approximately 1 cm. Counter electrode 25 
provides for an improved field strength and a uniform electric field. In a preferred 
embodiment, a negative voltage 28 in a range of 1-20 volts is applied to 
substrate 18 for a time period in a range of 1-5 minutes, dependent upon desired 
thickness of the resultant layer (discussed presently). More specifically, in this 
particular embodiment, a negative voltage of -5v is applied to substrate 18 for 1 
minute at a current of 0.25 amps. As a result, positively charged particles of the 
disassociated magnesium nitrate, bind to electrodes 22, thereby forming a binder 
layer 24 as illustrated in FIG. 2. More specifically, the application of bias 28 
forms Mg(OH) 2 on the surface of substrate 18 by the reaction of Mg(N0 3 ) + + 
20H" -> Mg(OH) 2 (s) + N0 3 ". It is anticipated by this disclosure that binder layer 
24 in the alternative can be formed of any metal oxide, such as aluminum oxide, 
yttrium oxide, lanthanum oxide, or the like. It is additionally anticipated by this 
disclosure that an additional conductive metal oxide, such as iron oxide, tin 
oxide, or the like can be added to binder layer 24 to further increase the 
conductivity of binder layer 24. 
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Referring now to FIG. 3, illustrated in a simplified sectional view, is the 
next step in the fabrication of the cathode structure according to the present 
invention. Once binder layer 24 is formed on substrate 18, substrate 18 is 
immersed in a colloidal solution 32 of an emitting structure in a solvent. In this 
particular embodiment, provided is an electrobath 30, or suspension bath, having 
contained therein, a solution 32 comprised of a plurality of carbon nanotubes 36 
suspended in I PA 34. Dependent upon desired outcome, an optional dispersion 

U agent (not shown) may be added to solution 32 to aid in the suspension of 

□ nanotubes 36 therein. 

ru 

QJ Next, a bias 38 is applied from a voltage source 33. In a preferred 

4= 

f , embodiment, a positive voltage in a range of 5-50 volts is applied to substrate 1 8 

[l for a time period in a range of approximately 30 seconds to approximately 5 

ED 

p minutes, dependent upon desired thickness of the resultant layer (discussed 

presently). More specifically, in this particular embodiment, a positive bias 38 of 
+50 volts is applied to substrate 18 for approximately 30 seconds. The 
application of bias 38 provides for the migration of nanotube structures 36 toward 
binder layer 24. 



Referring now to FIG. 4, following the application of bias 38 to substrate 
18 and the resultant migration of nanotubes 36 to binder layer 24, substrate 18 is 
removed from suspension bath 30 and dried in air at a temperature ranging from 
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100-300° C for approximately 5-20 minutes. Once dry, a second baking step in a 
vacuum takes place, at a temperature ranging from 350-500° C for approximately 
30-90 minutes. This thermal processing step provides for substrate 18 to form 
adhesion properties and provides for the formation of a plurality of micro-islands 
40 (as illustrated in FIG. 5) in binder layer 24 defined by a plurality of edges 42, 
43, and 44. The plurality of micro-islands 40 having carbon nanotubes 36 
embedded in edges 42, 43 and 44 of micro-islands 40 and protruding from edges 
42, 43, and 44. Accordingly, illustrated is a final field emission cathode structure, 
referenced 50, fabricated according to the present invention. It is anticipated by 
this disclosure an embodiment in which binder layer 24 is fabricated as a uniform 
layer to which the carbon nanotubes 36 are embedded without the need for the 
formation of micro-islands 40. 

FIG. 6 is a simplified schematic diagram illustrating the method 60 of 
fabricating a field emission cathode structure according to the present invention. 

Field emission cathodes based on this new process were prepared 
starting with a conductive ceramic, such as FODEL®, (with Ag, Mo, or Cu) thick 
film pattern on borosilicate glass. Binder deposition was carried out in a solution 
of 5x10" 3 M Mg(N0 3 )2 in isopropyl alcohol (IPA) with -5V applied to the substrate 
for 1 minute at a current of 0.25 Amps. This step formed Mg(OH) 2 on the surface 
of the FODEL by reaction of Mg(N0 3 ) + + 20H - -> Mg(OH) 2 (s) + N0 3 \ The 
coated substrate was then transferred into a bath containing only (IPA). From 
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the holding bath the substrate with featuring (1mm alumina spacers and stainless 
steel counter electrode and clips) was transferred into a suspension bath 
containing a suspension of CNTs in IPA with a small concentration of DARVAN 
821a dispersant (3 drops/1 OOmL) to enhance suspension. The deposition of 
CNTs was performed at +20volts applied to the substrate for 30 seconds. 
Following the deposition, the substrate was dried in air at 80° C for 15 minutes, 
then baked for 90 minutes in vacuum at 480° C. 



Accordingly, disclosed is a field emission device cathode and method of 
fabricating a field emission device cathode using electrophoretic deposition. 
More specifically, disclosed is a method in which multiple steps are utilized to 
provide for the binding of carbon nanotube particles to a binder material thereby 
forming a field emission cathode structure having a greater emitting surface are 
than those previously known in the prior art. As disclosed, a separate solution 
containing a binder material is initially deposited on a surface of a substrate. The 
substrate, having the binder material deposited thereon, is subsequently 
immersed in a carbon nanotube suspension bath and a voltage is applied thereto 
to provide for the migrating of the carbon nanotubes to the binder layer. Once 
removed from the bath, the substrate having the binder material and carbon 
nanotube particles suspended thereon undergoes thermal processing to form 
adhesion properties in the binder layer. In one specific embodiment, the carbon 
nanotubes are embedded into a plurality of micro-islands formed of the binder 
material having portions protruding from the edges of the micro-islands. 
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While we have shown and described specific fabrication steps in the 
present invention, further modifications and improvements will occur to those 
skilled in the art. The present invention provides for a field emission device 
cathode and a method of fabricating a field emission device cathode using 
electrophoretic deposition in which a high yield is capable of being produced. 
We desire it to be understood, that this invention is not limited to the particular 
fabrication steps shown and we intend in the appended claims to cover all 
modifications that do not depart from the spirit and scope of this invention. 
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